This study was conducted to provide a detailed description of waste generation and characteristics from a traditional market in Hue city, located in central Vietnam. The authors conducted a waste generation survey and a waste composition survey for 309 stalls/vendors in five markets by 17 business categories for 10 consecutive days. The waste generation rates by stall/vendor and by floor area were assessed in three waste categories: general waste, recyclable, and food residues. The general waste that would be sent to a landfill site was classified into 10 physical categories and 77 sub-categories. For general waste, food waste accounted for the largest part, followed by plastic and grass. By multiplying the waste generation rate by stall/vendor by the total number of stall/vendors in 23 markets, the authors estimated the total amounts of general waste, recyclable, food residue and total waste by business category. The total waste generated from market was 17.0 tons/day, of which 4.6 tons (27.1%) were collected by pig farmers for feeding livestock and 0.6 tons (3.6%) were sold to the recycling market. The composting potential accounted for 55.2% of total waste generation from the traditional market in Hue. The recycling potential accounted for 5.1%. The total disposal amount sent to the landfill site would be reduced from 69.2% to 8.8% of the total. The 95% confidence interval (CI) of total waste amount from 23 markets was also estimated using Monte Carlo simulation based on the mean and standard error of the waste generation rate. The range of 95% CI was 14.9 -18.9 tons/day.
Introduction
In economically developing countries, the amount of municipal solid waste is approaching the capacity of existing waste facilities. It is impossible to continue waste disposal that is heavily dependent on landfill. Central and local governments must develop solid waste management (SWM) plans that include waste reduction and recycling.
Municipal solid waste is a growing problem in Vietnam, which is showing rapid economic growth year by year. Vietnam produces over 15 million tons of municipal solid waste each year from various sources. More than 80% (12.8 million tons/yr) derives from municipal sources: households, restaurants, markets, and businesses [1] . As the first step in designing integrated waste management systems, it is indispensable to ascertain detailed and reliable information related to waste generation, waste composition, and waste streams [2] . However, Vietnam lacks reliable and detailed data related to SWM. The latest report on SWM in Vietnam published in 2011 presented information related to overall waste generation and physical composition of MSW around Vietnam, but did not clarify details related to waste generation from different sources or details related to waste composition such as recycling or composting potential.
Regarding the municipal solid waste sources, traditional markets are known to be a considerable source of waste generation in economically developing countries. One earlier study [3] found that markets contributed about 20% of total waste generation in Indonesia. According to the Vietnam Retail Association, traditional markets still constitute the major channel of the retail sector. About 8550 traditional markets existed in Vietnam in 2011. However, few studies have specifically examined wastes from traditional markets. In Lao PDR, Byer et al. [4] surveyed one early morning market (EMM), and clarified the waste generation rate by six business categories: fruits and vegetables, packaged goods, meat/fish/eggs, food stalls, noodles and blood, rice, and charcoal. They assessed the physical composition, but reported no potential for recycling and composting. In Cambodia and Vietnam, two surveys [5] [6] have assessed the waste generation rate by the total waste amount divided by the total number of stalls in target market, but they did not address differences in waste generation rates among business categories.
This study was undertaken to present a detailed description of waste generation and characteristic of traditional market in Hue city, Vietnam. The authors chose five markets from three market classes, and allocated the targets by 17 business categories considering "The System of Economic Branches of Vietnam". The authors also estimated the total waste amount, the recycling and composting potentials from all markets in Hue as the basis of rational SWM planning including waste reduction and recycling.
Methodology

Research Area and Target Traditional Markets
Hue city, the latest imperial capital of Vietnam under the Nguyen dynasty, is located in the central region of Vietnam [7] . Hue city comprises 27 wards with area of 71.69 km 2 and a population of 350,345 people. There are two distinct seasons in Hue city: the dry season comes with the hot southwest wind for four months during April-August; the rainy season comes with high and unevenly distributed rainfall during September-March [8] .
Regarding solid waste management, the amount of collected waste in Hue city is reported as approximately 210 tons/day. The general collection rate in the whole city was about 89%, and 90% -95% in urban areas [9] .
Hue city has 23 traditional markets with different scales. [11] and defined the business category in 642 branches. By referring the official definition, the authors defined 17 business categories for market as shown in Table 2 . For target selection, the authors allocated target kiosks and vendors to cover 17 business categories. The total number of samples is shown in Table 2 .
Outline of Survey
The authors conducted three surveys for all target samples: a waste generation survey by actual measurement, a waste composition survey, and a questionnaire survey. Surveys on Tay Loc, Xep and Phuoc Vinh market were conducted during 3 -12 September. Surveys on Vy Da and Thong market were conducted during 9 -17 September. The waste generation survey was administered to acquire data on the amount of waste generation for 10 consecutive days. Of them, the first three days were spent for practice; the authors used the data for the latter seven consecutive days. The target stalls and vendors were requested to keep their waste in three categories by their original customs: "Recyclables", "Food residues" and "General waste", defined as follows.  Recyclables: items kept for recycling or sale to informal sectors or given to somewhere/someone by owners.  Food residues: waste items kept for livestock (e.g. pigs) feeding; generally collected by livestock breeders.  General waste: all remaining waste items excluding separated waste items described above. This type of waste is collected daily by an environmental company in Hue (HEPCO). A waste composition survey was also conducted during the survey period. To provide information related to the recycling and composting potentials, the authors analysed details of the waste composition of "General waste" for some representative targets. The waste was classified into 10 physical categories and 77 sub-categories. The classification categories were based on Materials (Plastic, Paper, Kitchen waste, Rubber & Leather, Grass, Textile, Metal, Glass, Ceramic, and Miscellaneous), Types (Container/Packaging, Product and Other), Recycling potential (recyclable and non-recyclable), and Composting potential (compostable and non-compostable). The recycling potential was defined based on the practical trading status of recycling market in Hue city. Recyclable items contained plastic, paper, glass, metal, and textiles that can be bought and sold at a recycling market. The composting potential was defined based on the acceptable items of some composting plants. Organic wastes are divisible into compostable and non-compostable wastes. Compostable items consisted of vegetables, food residue, grass, leaves, flowers, egg shells, fish bones, fruit, and fruit skins. Non-compostable items consisted of coconut shells, hard bones of animal, seashells, bamboos, large tree branches, and wood products. In this study, non-recyclable items were all items that could not be recycled or composted. Descriptions of waste classification categories are presented in Table 3 . The authors also administered a questionnaire survey to assess attributes and the current status of businesses of target stalls and vendors.
Analytical Procedure
The authors calculated key statistics related to waste generation rates by business category. The authors also assessed the mean difference among market classes using analysis of variance (ANOVA). The waste composition by percentage (%) was calculated according to the physical category and by recycling and composting potentials.
By multiplying the waste generation rate by stall/vendors by total number of stall/vendors in Hue, the authors estimated the total waste generation amount from traditional market in Hue. The authors also calculated the 95% confidence interval of total waste generation amount from a Monte Carlo simulation (100,000 times) based on the mean and standard error of waste generation rate by business category. Monte Carlo simulations are used widely to assess error propagation for model parameters [12] . The authors inferred the sensitivity as a percentage of the contribution from each parameter to the variance of the final result [13] .
Results and Discussion
Waste Generation Rate of Traditional Markets
Waste Generation Rate by Stall/Vendor
The waste generation rates of traditional market were calculated using business categories. Table 4 presented the mean and standard deviation of waste generation rate (g/stall/day) of stall in three market classes. Regarding the waste generation rate by business category, "Vegetable", "Fruits", "Beverage" and "Fresh flowers" were higher in all wastes, whereas "Rice", "Meat", "Service" and "Second-hand shop" were identified as having lower generation rates. The result resembled that reported from a previous study by Byer et al. [4] . They reported that "Fruits and vegetables" generated the largest amount (6.49 kg/day) because of their high moisture contents.
Regarding fresh items that are easily be perishable after 1 -2 days under normal conditions such as "Meat & meat product", "Chicken & duck", "Fish & fish product", "Vegetable", "Fruit", "Fresh flowers", the category of "Meat & meat product" generated the smallest amount with 289 (g/stall/day), whereas the other categories generated much higher waste amounts. In the category of "Vegetable" and "Fruit", even though the total waste amount was rather large, the amounts of food residues were quite small because the rotten or leftover vegetables and fruits were normally unsuitable for feeding animals. Conversely, the categories of "Chicken & duck", "Fish & fish product" generated a large amount of food residues because these categories had processing services on site. Therefore, normally the internal organs and unnecessary parts were separated as food residues.
Some dry-food items such as "Rice/powder" and "Spice and grocery" produced smaller amounts with 110 and 759 (g/stall/day), respectively. Regarding food services, "Food stalls" & "Beverage" respectively produced similar total waste amounts, with 3525 and 3323 (g/stall/day). However, "Beverage" generated small amounts of food residues, whereas a major amount of wastes in "Food stalls" were food residues. Table 4 also shows that some business categories such as "Meat", "Chicken & Duck", "Fish", "Vegetable", and "Fresh flowers" did not separate recyclables. Table 5 presents the mean and standard deviation of waste generation rate (g/vendor/day) of vendors in three market classes. The "Coconut_vendor" category was separated from "Fruit_vendor" because the waste generation rate of "Coconut_vendor" was extremely high, with 91,801 g/day, which was much higher than that of "Fruit_vendor" with 1882 g/vendor/day. Comparing the waste generation rate of a stall with that of a vendor, some categories with higher waste generation rates such as "Fish & fish product", "Vegetable_vendor", "Fruit", "Food stall" and "Fresh flowers", the waste generation rate of a stall was higher than that of a vendor. That result is explainable that the space and business scale of vendors were normally smaller than those of stalls; the resultant waste generation rate was lower. The vendors did not separate recyclables in most business categories excluding "Fruit_vendor"; the food residue amount was small excluding "Fish_vendor" and "Food_vendor" as stalls, probably because they had insufficient space to keep such wastes.
Waste Generation Rate by Floor Area
In the traditional market, the stall areas differ among market classes and business categories. The authors calculated the waste generation rate by floor area for two markets for which the managers of markets provided the official data on floor area of each stall, Tay Loc as a first class market and Xep as a second class market. Table  6 presents the means and standard deviations of waste generation rate of 17 business categories by floor area (g/m 2 /day) in two markets. The floor areas in most business categories in the first class market were larger than those of the second class market. For "Rice & powder", "Fish & fish product", "Vegetable", "Spice & Grocery", "Beverage", "Textile & Apparel", "Fresh Flowers", "Daily commodity" and "Service" categories, the waste generation rate of total waste by square meter was higher for the first class market than for the second class market. For "Meat & meat product", "Fruit" and "Food stall" categories, the waste generation rate of total waste by square meter was higher for the second class market, but the waste generation rate of total waste by stall was higher for the first class market.
In most of business categories, the stalls in first class market discharged more waste than those in the second class. In the first class market, no stalls existed for "Egg" and "Betel & areca" categories. These items were sold only at vendors in the first class market. Regarding the "Chicken & duck" category, the waste generation rate of total waste by square meter in the first class market was 178 g/m 2 /day, which was much lower than that in the second class market at 2090 g/m 2 /day. By the observation in both markets, the difference noted above can be explained by the habit of stall owner in keeping internal organs of "Chicken & duck" in each market. In the first class market, the owners generally separated internal organs and sold them to customers, whereas the owners in the second class market normally put internal organs into containers as food residues for livestock breeders and occasionally sold them to customers upon request. 
Mean Difference in Waste Generation Rate by Market Class
Regarding comparison among three market classes, the authors assessed the mean difference in waste generation rates among the three market classes by 17 business categories using ANOVA. The authors found significant mean differences for "Fish" and "Vegetable". Table 7 shows means and SDs of waste generation rates for "Fish" and "Vegetable" by three market classes and ANOVA results. The waste generation rate was the highest in the first class, and lower in the second class and the third class. The differences among three markets are explainable by the fact obtained from questionnaire survey that, in the first class market, the area was largest and the operation time was very long, whereas the area and operation time were smaller in the second and third class markets, which can be expected to influence the amounts of sales and waste generation.
Waste Composition of Market
Physical Composition
The physical composition of general waste by business category is shown in Table 8 . The physical composition differs among business categories. The results indicated that food waste accounts for the largest part with sub- sequent plastic or grass. The proportions of food waste were high, with 93.2%, 81.7% and 77.2%, respectively, in "Vegetable", "Fruit" and "Beverage". Previous reports have described that the major portion of solid waste in market is food waste and other organic matter. A survey conducted in Danang [6] reported that the organic part accounted for 81.5%. A survey in Thailand also presented that the organic from market was 85% [14] . The categories of "Meat", "Fish", "Textile" and "Spice" generated plastics with higher percentage, using mainly single-use plastic bags for packaging, whereas "Betel & areca", "Fresh flower" and "Food stalls" categories generated grass with higher percentages. These results directly reflected the fact that some parts of "Betel and areca" and "Fresh flower" such as stems, leaves, and un-needed parts are often removed according to requests from customers. "Food stalls" generated large amounts of grass because Vietnamese people have a habit of wrapping some foods in leaves such as banana or lotus leaves. They discard them after use. Glass was not found in all categories, and ceramic was only found in "Daily commodity" with 8%. Rubber was found in "Chicken & duck" because rubber bands are usually used to tie live chicken or duck legs. The "Textiles & footwear" category generated some rubber because rubber pieces were often used to repair shoes. Table 9 presents waste composting and recycling potentials from general waste by business category according to the definition shown in Table 3 . It is apparent that the composting potential was very high in some categories such as "Betel & areca", "Vegetable", "Fruit" and "Fresh flowers". The recycling potential was highest in the category of "Second-hand shop" with 98.6% followed by "Textiles & apparel" with 63.6%, "Meat" with 48.9% and "Chicken & duck" with 46.4%.
Recycling and Composting Potential of Waste from Traditional Markets
Estimation of Total Waste Generation from Traditional Market in Hue
Validation of General Waste at Three Markets
To validate waste generation rates in Table 4 and Table 5 , the authors estimated the 95% confidence intervals (CIs) of total amount of general waste for three target markets, Tay Loc in the first class, Xep in the second class and Phuoc Vinh in the third class, and compared the CIs with the measured waste amounts by actual measurement on site. By multiplying the waste generation rate by the stall/vendor by total number of stall/vendor in target markets, the authors calculated the total amounts of general wastes for the target markets. The 95% confidence interval for each market was estimated using Monte Carlo simulation (100,000 times) based on the mean and standard error of the waste generation rates shown in Table 4 and Table 5 . Table 10 presents the 95% CIs of general waste (kg/day) and the measured waste amounts in three markets. The results show that the measured waste amounts were in the 95% CI range for the three markets.
Total Waste Generation from Traditional Markets
Hue city has 23 traditional markets. Because of a lack of information exists for the floor area by each business categories in 23 markets, in this study, the author used only the number of stalls by business category as an indicator for estimation the total amount of waste from traditional market in Hue. By multiplying the waste generation rate by stall/vendor by the total number of stall/vendors in 23 markets, the authors calculated the total amount of general waste, recyclable, food residue, and total waste by business category. The general waste also included some amount of recyclable and compostable parts, as shown in Table 8 . The authors also estimated the potentials of recycling and composting in general waste separately. Table 11 presents details of waste generation from a traditional market in Hue: non-recyclable, recycling potential, composting potential contained in general waste: recyclable, food residues, and total waste by weight (kg/day) by business category. The total waste generation amount was 17.0 tons, of which 3.6% of waste was separated at the source as recyclable, 69.2% was general waste, and 27.1% was food residues. In general waste, the recycling potential accounted for 5.1%, composting potential accounted for 55.2%, and the remaining waste accounted for only 8.8%. This result indicates that waste generation in markets has high potential up to 82.3% of total for composting and livestock feeding.
The total disposal amount sent to the landfill site can be reduced from 69.2% to 8.8%. Regarding the "Coconut" category, the waste generation rate was the highest with 91.8 kg/stall/day and was mainly composed of coconut shell. Therefore, we did not bring it to the laboratory to examine the composition. The authors assumed that the total generated waste from the "Coconut" category was non-recyclable. Regarding composting potential, "Vegetable" accounted for the largest amount with 4422 kg/day, followed by "Vegetable_vendor", (1580 kg/day) and "Fruit" (1520 kg/day). These results suggest that these sources would contribute immensely to promoting waste reduction. Regarding about the recycling potential, the largest contribution category was "Spice & grocery" with 195 kg/day, followed by "Vegetable" (135 kg/day), "Textiles & apparel" (120 kg/day), "Fish" (86 kg/day), and "Meat" (83 kg/day). The results revealed that these categories should be considered heavily for promotion for recycling for market. The total estimated composting potential was 9.4 tons, which contributes mostly to the total general waste in the market. The large quantity of composting potential present in the MSW stream has a great impact on the production of high-quality compost and offers great potential for resource recovery. Such recovery is expected to play an important role in reducing total waste generation amount and in mitigating the negative effects on environmental quality and natural resource conservation.
Interval Estimation of Total Waste Generation from Traditional Market in Hue
The 95% confidence interval (CI) of total waste amount from 23 markets was also estimated using Monte Carlo simulation (100,000 times) based on the mean and standard error of waste generation rate shown in Table 4 and Table 5 . The results showed that the range of 95% CI was 14.9 -18.9 tons/day.
The authors also examined the sensitivity as a percentage of the contribution from the waste generation rate of each business category to the variance of the total waste amount. Figure 1 presents the result of sensitivity analysis. "Vegetables of first class market" was identified as the category with the largest contribution (34.8%) to the variance of the total waste amount, followed by "Vegetable_vendor" (13.5%) and "Fish of first class", (10.9%). To improve the reliability of total estimation, the sample size should be increased. Further investigation must be undertaken to clarify the factors affecting waste generation rate in these categories.
Conclusions
1) This study produced a detailed description of waste generation and composition by 17 business categories 
